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ABSTRACT 


Utilizing the geomagnetic electrokinetograph (GEK), surface currents 
in Monterey Bay were determined for five distinct cruises, each in a 
different portion of the bay, during the period November to December 
1971. These cruises, using the Naval Postgraduate School (NPS) research 
vessel R/V Acania, yielded a total of 90 current speeds ranging froma 
How of 2.56 cm/sec to a high of 58.16 cm/sec. The direction of the 
current vectors were compared with currents inferred from the 10°C and 
12°C mean isothermal surfaces. The isothermal surface data used was both 
of a historical and synoptic nature, the latter being obtained during 


the November-December 1971 time frame. 
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T. ) INTRODUCTION 


A. REVIEW 

The electromagnetic principle provides a means for continuous 
observations from a moving platform of surface current velocities in 
the open ocean. Since sea water is in fact an electrolyte and contains 
a large quantity of dissociated salts, the motion of salt water through 
time Garth's quasi-static magnetic field produces a gradient of electric 
potential which can be recorded and analyzed, yielding surface current 
velocities. 

The measurement of surface currents utilizing electromagnetic 
principles was attempted by Michael Faraday in 1832 on the Thames, but 
the use of copper electrodes ‘degraded his results because they developed 
their own chemical potentials. Succeeding investigations were under- 
taken by Longuet-Higgins and pares: (1946), von Arx (1950), and others. 
Hughes (1962) investigated the towing of electrodes in shallow water, 
and more recently, Sanford (1967) considered the velocity and electric 
fields from a three-dimensional standpoint. 

The development of the geomagnetic electrokinetograph (GEK) during 
the years 1946-1950 at the Woods Hole Oceanographic Institution made 
possible the routine determination of ocean surface currents from a 


ship while underway. 





B. OBJECTIVES 

The essential equipment that is required for surface current 
measurement utilizing the GEK are: (1) a pair of electrodes normally 
separated by a distance of 100 m, mounted on a two-conductor cable 
which must be long enough to isolate the electrodes from the influences 
of the ship, and (2) a recording potentiometer on board the ship. The 
concept behind this towing method is that the measurement of the 
horizontal electrical potential gradient in the ocean, by the movement 
of electrodes aessrn the water, can be interpreted as a current 
melocity. 

The present investigation was undertaken not to propose or to prove 
anew thesis but rather to expand on the work of McKay (1970) and to 
determine the surface currents in Monterey Bay for the short period, 
November-—December 1971, utilizing a neutrally buoyant cable. Emphasis 
On current speed and direction were of principal interest with a 
secondary goal of comparing current vectors with the inferred currents 
of the mean isothermal surfaces for the months studied. 

The general outline of the area studied along with the position of 
Current vectors may be seen in Fig. 1, while the current vectors 
themselves are shown in Fig. Ya through 12. 

Five cruises were conducted utilizing the Naval Postgraduate vessel 


R/V ACANIA. Each cruise will be considered separately in detail. 
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Pacgure 1. Ine@imee Studied 


and the Location of Current 
Vectors 1-90. 
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II. PHYSICAL PRINCIPLES OF THE ELECTROMAGNETIC METHOD 


A. THEORY OF THE ELECTRICAL FIELD IN THE SEA 

The movement of sea water through the motionless magnetic field of 
the earth induces electric potential gradients and electric currents. 
These effects can be best described by the classical relationships of 
electromagnetic theory. The electric potential.field can be deduced 
by applying Faraday.''s Law of Electromagnetic Induction to a closed 
curve fixed in the fluid. We assume that the resistivity of sea water 
fluctuates only slightly with depth and position and that the earth's 
Magnetic field is uniform over the area studied. The gradient of the 
electric scalar potential, Vd, is given by 

Vo = (V x H) - pi | (1) 

where Vis the fluid velocity vector, H is the magnetic field intensity, 


p is the scalar electrical resistivity of the fluid, and i is the elec 


tric current density along the conductor. A more elaborate discussion 
can be found by consulting von Arx (1950), Longuet-Higgins, Stern, and 


Stommel (1954), or Curtin (1970). 


B. THE GEOMAGNETIC ELECTROKINETOGRAPH 
ia Description 
The GEK method of measuring the voltage expressed in equation (1) 
consists of towing two electrodes astern on an insulated two-conductor 
cable with a shipboard-installed high impedance voltmeter. This voltmeter 
is of the recording potentiometric type consisting of a balanced bridge 
designed with high input impedance, thus restricting the electrical current 


from flowing in the measuring circuit (Fig. 2). 
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Figure 2. Equivalent Circuit 
of Electromagnetic Method. 
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The electrodes used in GEK measurements are almost exclusively 
of the silver-silver chloride type. The two electrodes are matched 
so as to have exactly the same contact potential from the metal wire 
to the sea-water electrolyte. Their opposing battery effects in the 
circuit cancel out and thus no chemical potential results. The 
electrodes are towed a few ship lengths behind the vessel so as to 
preclude the possibility of recording in the region of the earth's 
magnetic field disturbed by the passage of the steel hull. The standard 
interelectrode distance is 100 m for silver-silver chloride electrodes. 

e. Theory of GEK Operation 

Two separate moving conduction paths are present when towing 
electrodes in sea water: (1) ocean water itself, and (2) the two 
CeGmductor cable contained in the measuring circuit. The potential in 
each of these paths is the difference between the two terms (V x H) and 
(pi) of equation (1). The following discussion is taken directly from 
the development by Curtin (1970) and McKay (1970). 

Consider the sea water path. When electrodes are towed, as 

shown in. Fig. 3, they measure the potential difference along a path 
parallel to the direction of the ship's heading. The component of emf 
generated in this direction by the (V x H) term is (VyHz - VzHy), where 
Vy is the component of the water velocity perpendicular to the course 
steered, Vz is the vertical component of the water velocity, Hz is the 
vertical intensity of the earth's magnetic field and Hy is the horizontal 
geomagnetic field intensity perpendicular to the course steered. The term 
Vz is assumed to be zero at the surface and at the bottom of the sea and 
is probably small even in zones of sinking and upwelling. Therefore, the 
emf contributed by the (V x H) term parallel to the ship's course is V,H, 


af 


and is due to the component of water velocity perpendicular to the ship's 


aS 





L9OW}TOA 


_— 


ZuSoweHuez1y Jusuoduog 


NAD °¢§ erndzZ 





q 


- 
syybuetdzys ¢ oF Z —__sk_ uw got — 


\ 


aTqes TOJONPUOd Z 
zuefong ATT eLpNSN 





sapolypoe Td 


14 





heading. The second emf in the sea water path, pile is a direct result 
of the electrical current density along the path between the electrodes. 
This electric current density depends on the emfs and the resistances 
of all the other surrounding paths since it is through these paths that 
a closed electrical-current-carrying circuit can be formed. 

Now consider the closed conducting path formed by the tow wires, 
the sea water between the electrodes, and the voltmeter. It can be 
shown by reasoning identical to that used for the sea water path that the 
velocity induced emf per unit distance contributed by the (V xX H) term 
in equation (1) is VyHz. Due to the high impedance of the voltmeter, 
pi is essentially zero in this path. 

The potential differences developed in the wires to each electrode 
and the potential in the sea water between the electrodes are continuously 
recorded by the voltmeter. Followint the path as shown in Fig. 3 and 
adding the potentials yields the following results: 

E=(VyHz)aBp + (VyHz)pc + [(-VyHz)cp - (pi,) cp] + (-VyHz )Ba (2) 
where E is the emf per unit distance, and A, B, and C are the points as 
shown in Fig. 3. The term enclosed in squared brackets is the potential 
gradient between the electrodes in sea water, while the induced emf in 
the indicated sections of the wire compose the remaining terms. Equation 
(2) reduces to 

E=(-pix)cB (3) 
where the direction would be that of a line drawn between the two 
electrodes, or in the case of the electrodes towed directly astem, the 


direction of the ship's heading. The quantity measured by the voltmeter 


becomes 


E(Volts) = [ KB - pi,dx ] x 10-° (4) 


7 





| 
where 10 is the proportionality factor between electromagnetic cgs ‘units 


8 
and practical units (10 electromagnetic cgs units = 1v). ‘The "K" factor, 


a dimesionless ratio, will be discussed in greater detail in Sec. II-B-}. 


3. Current Direction Determination 

In determining currents in the deep ocean it is assumed that the 
potential gradient is completely short-circuited by the deep layer of 
Relatively still water underlying Ans surface layer. This assumption 
yields the case where Vd=0 and pi = V x H. Using the symbol s to 
indicate the interelectrode distance, the horizontal potential difference 
measured by the voltmeter is 

EX Volts) = (KsH Vy) x ile (5) 
where V, is the horizontal component of water motion perpendicular to 
iiemaincerelectrode line, and H, is the intensity of the vertical 
component of the earth's magnetic field in oersteds. If VW, is positive 
toward the east, Hz is directed downward, and s is parallel with a 
meridian of longitude, then E will have positive polarity at the south 
end of s and negative at the north end. 

Since the vertical component of the earth's magnetic field (He) 
is directed downward in the northern magnetic hemisphere, the direction 
of water motion lies 90° to the right of the positive sense of the 
horizontal component of the electric vector. In the southern magnetic 
hemisphere the vertical component of magnetic flux is directed upward 
so that the water motion vector lies 90° to the left of the horizontal 
electric vector. With these principles in mind the cable connections 
to the recorder should be made according to the following convention 


for the northern magnetic hemisphere - the conductor leading to the 
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more distant electrode is connected to the voltmeter input terminal which 
when made positive gives a right-hand deflection of the recorder pen. 
tigs convention allows the observer facing the recorder to see the pen 
on the same side of zero as the direction toward which the ship is being 
set. The connections must be reversed in the southern magnetic hemis- 
phere to have the same convention apply. 
4, The K-Factor 

The results of most experiments which compare the current speed 
as observed by use of the GEK with the current speed observed by use of 
non-electromagnetic means are expressed in terms of a ratio E' /E where 
E' is the voltage calculated from the non-electromagnetic water speed 
Geu= sHeVy x 107 v) and Eis as given in equation (5). This ratio is 
the so-called K-factor. If the assumptions made for deep sea currents 
were entirely satisfied the K-factor would be unity. As might be 
expected, such conditions rarely exist. Von Arx (1950) cites the 
following typical K values - in very shoal tidal reaches of less than 
10 m depth the K-factor may vary from station to station within the 
mange Of 1.5 to 15.0 with an average near 10.0 on the continental shelf 
in depths of 10 to 100 m the K-factor averages less than 2.0 and seldom 
exceeds 3.0 in individual cases, beyond the 150 m isobath the K~factor 
is predominately less than 1.10, the average open ocean value being 
1.04. The U. S. Naval Oceanographic Office in its publication, 
H. O. PUB. 607 (1970) utilizes a K-factor of 1.04 in all depths although 
it seems likely that this is a matter of convenience for unskilled 


operators who have no knowledge of the theory involved, rather than a 


screntifie certainty. 


a 





It would seem that the value of the K-factor is solely dependent 
on depth; however, this is not entirely true. In areas where tidal 
currents are predominant and the flow is more or less uniform to the 
bottom, bottom sediments provide the principal short circuiting medium. 
Since the electrical resistance of bottom sediments is higher than that 
of sea water, the resulting K-factor will be larger. In some regions 
of the continental shelf oceanic circulation reaches inward over the 
shelf and wind driven layers become important. In this case shear is 
introduced causing a reduction in the value of K. The K-factor will vary 
considerably, with both time and position, in shallow water since both 
siear and turbulence are present. 

Comparison studies of current vectors from GEK data and those 
computed by other means were reported by von Arx (1950). It may be 
inferred from these ee that if one knows nothing at all about 
the expected value of K and therefore assumes a value of from 1.0 to 1.10 
the average error would be less than 10%. After many comparisons von Arx 
concluded that if the deep water average of 1.04 was used the error would 
be reduced to the order of 5%. 

Since no research in Monterey Bay has ever been done to determine 
a K-factor, a decision had to be made as to an appropriate value. The 
selection of a K-factor does not in any way effect the direction of the 
current vector as determined from GEK data. It does, however, effect 
the magnitude of the resultant current vector. Drogue tracking, as a 
method of determining current velocity, was rejected due to tracking 
limitations of the R/V ACANIA's radar and the implimentation of current 
meters was not considered feasible due to the large number of observations 


at various depths that would be required. 
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Considering these factors led to the choice of a K value of 

mes for this study. 
2. Cable Droop 

Long cables that are more dense than sea water introduce a 
vertical component of length z - the vertical separation between the 
electrodes. This component cuts the horizontal component of the earth's 
magnetic field H, producing a signal proportional to Hy, (zvsine) x nem 
where v is the speed of the ship and 0 is the magnetic azimuth of the 
course steered. Since the horizontal component of the magnetic flux 
has a fixed azimuth, the result confuses observations by adding a 
Spurious signal which can be interpreted as a component of current 
velocity toward magnetic south in the northern magnetic hemisphere, 
and the magnetic north in the southern magnetic hemisphere. This effect 
is strongest within 30° aevene earth's magnetic equator. This problem 
is generally eliminated through the use of a neutrally buoyant cable 
which allows the cable to be towed on or near the sea surface. 

6. Wind Deflection of the Cable 

When a neutrally buoyant cable is used it is subject to a 
transverse force exerted by the wind. Wind will drift the ship and/or 
cause the electrodes not to tow directly astern. The direction of the 
interelectrode length differs from the steered heading by arctan D/v 
where Dis the rate of lateral drift due to windage, and v is the ship's 
speed through the water in the direction steered. Thus, wind drift is 
observed in combination with the measured current principally as a small 
error in @arection. 

The cable used during the course of this study was of the 
neutrally buoyant type, however, since data was recorded only during 


periods of negligible wind this potential source of error was eliminated. 
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C. INTERPRETATION OF DATA 
1. General 

The electrical current density i in any region is a function of 
the conducting path in which it exists. Thus, in the ocean, with ea 
assumption of uniform resistivity, the current density integrated along 
any line is directly dependent on the emfs produced in the available sea 
water paths surrounding that line. These emfs, as shown in equation 
(1), are directly related to the velocity of the water in that region, 
Thus, the velocity field in the entire water column below the surface is 
reflected, in part, by any electrical current density measured at the 
surface. 

In the interpretation of GEK data it is important, in the 
absences of information derived from other sources to keep the following 
assumptions in mind as aerinea by McKay (1970): 

(a) the vertical component of water velocity is negligible in 
comparison with the horizontal component, 

(b) the flow is broad compared with the depth of the water, 

(c) the current is steady in the horizontal, 

(d) the depth-averaged velocity is essentially zero in comparison 
with the surface velocity, 


(e) a deep layer of still water underlies the moving surface layer, 


(f) the effect of a conducting sea bottom can be considered 
negligible in depths greater than 70 fathoms. 

There is one further source of emf in the measuring circuit. This 
is the self-potential of the electrodes due to the fact that they are 
metals immersed in an electrolyte. This electrode phenomenon is discussed 


iM Sec, Lli—C, 
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2. Accuracy Estimation 


Utilizing the GEK Model V recording potentiometer and strip chart 
recorder (as designated by the Naval Oceanographic Office), the trace 
can easily be read to an accuracy of 71 cm/sec and, since two readings 
in opposite directions are taken and averaged for each current fix, this 
inaccuracy contributes little or nothing to the over-all Ve 

As mentioned in Sec, II-B-5 and II-B-6 the effects of cable 
droop were eliminated by the use of a neutrally buoyant cable and wind 
defection of the cable was negligible since data collection occurred 
Gueing low wind conditions. 

The actual data reduction was carried out utilizing the NPS 
IBM-360/67 computer and the initial vector calculations were compared by 
hand to insure the validity of the program (a copy of the program is to 
be found in the Appendix). | 

Using a K-factor of 1.04, as discussed in Sec. II-B-4, reduced 
thus source of error to the order of 5%. 

A consideration of all these factors led to the following estimate 
Sreaccuracy ; 

current speed: £5% of calculated speed 


current direction: 15% 


ear 





III. EQUIPMENT USED 


A. RECORDING POTENTIOMETER AND STRIP CHART RECORDER 

The recorder is calibrated to read current speed directly in either 
centimeters per second or knots. Assuming the cable connections are 
made as suggested in Sec. II-B-3 a port set is indicated by deflection 
to the left of center scale and starboard set by deflection to the right. 
An excellent view of the recorder can be seen in H, 0. Pub. 607 (1970) 
along with an adequate discussion of all the control fumctions. A 
sample recorder output is shown in Fig. h. 

The sensitivity of the system is so arranged that the nominal signal 
(equation (5)) for significant water motion (1 em/sec) is above the 
threshold of recorder response and is large in comparison with the 
electrochemical drift of potential of the electrodes. This sensitivity 
is established by setting the rain of H, on the vertical intensity knob 
Which is calibrated in oersteds. The value of Hz can be calculated from 
bie anformation taken from H. 0. Chart No. 1702-The Vertical Intensity 
of the Earth's Magnetic Force. Since the exact local value of H, can not 
be set on the sensitivity control, a magnetic multiplier must be utilized. 
The value of the multiplier is obtained by taking the ratio of the 
nearest standard value of the magnetic vertical intensity to the local 
value of the magnetic vertical intensity as obtained from the chart. 

In this case the multiplier 0.913 (0.400 oersted/O0.437 oersted) was used. 

In order to block any possible direct current that may be present on 
the ship's service lines it is necessary to isolate the power to the 
recorder by means of an isolation transformer. Also, a spurious AC signal 


introduced in the ship's ground may result in deflecting the recorder pen 
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into either the port or starboard stops. Use of a conventional two-prong, 
rather than a grounded three-prong plug will entirely eliminate this 


problen. 


B. CABLE 

dhe function of the GEK cable is to allow the electrodes to be 
towed far enough astern so that the signal generated will be unaffected 
By the ship itself and by its disturbing influence on the sea. Normally 
anywhere from 1.5 to 3 times the length of the ship is necessary to 
achieve this result. As discussed in Sec. II-B-5, long cables that are 
mere dense than sea water introduce a vertical component of length 
which can cut the horizontal component of the earth's magnetic field and 
produce a spurious signal which must be accounted for by calculating a 
Greop correction. To overcome this problem, 330 m of neutrally buoyant 
cable B~3088 were purchased from the Vector Cable Company. This is a 
two-conductor shielded cable with an outer covering of neoprene. One 
electrode was soldered to each wire of the two-conductors at a spacing 
of 100 m - a standard Petes coente distance. 

The cable was towed astern of the 126-ft NPS research vessel the 
R/V ACANIA. Although cables of the type used have a normal breaking 
strength of 1000 Jb or more, a 1/4-inch diameter polypropalene line 
was taped to the cable along the entire length to absorb most of the 
Strain. The cable was then led over the stern through a snatchblock 
Suspended from the upper rail. The cable was wound on a small reel which 
in turn was lashed to the deck. The reel was equipped with a crank which 
allowed the cable to be payed out while the ship was in motion and 
retrieved in the same manner. All data was obtained while erulsing at 
an average speed of 4 knots, not due to any limitation of the ship or 


GEK equipment, but in order to record a greater density of current fixes. 
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C. ELECTRODES 

In order for the GEK to function properly it is imperative that the 
electrodes make good electrical contact with the sea. Even.in still 
water, the metal-electrolyte junction of an electrode and the sea water 
results in a contact potential. This potential will be zero if two 
electrodes are matched and connected so as to oppose each other in the 
circuit. The present state of the art makes it impossible to achieve 
this perfect match. An additional complication arises in that the 
contact potential is a function of sea water temperature, salinity, and 
pressure and the rates of flushing and aeration. 

In this study the electrodes were of the silver-silver chloride type. 
Supplied by the Woods Hole Oceanographic Institution they are one of 
several common non-polarizing designs using a metal-halide. Their 
inherent insolubility is ee by the common-ion effect in sea water. 
mis, along with a low electrical resistance, makes them best suited for 
use at sea with the GEK. These electrodes use as raw ingredients chemically 
pure silver oxide and pure silver chloride powder. Combining these 
ingredients with distilled water, the paste that is formed is applied to 
either a silver or platinum wire gauze. After two applications the gauze 
is fired in a laboratory furnace. The resulting electrodes are ready to 
be matched and soldered to a cable. 

The thickness of the silver halide coatings influence the contact 
potentials, thus, the potential difference between the two electrodes 
can be altered to some extent. It is therefore necessary to determine 
periodically the zero point of the electrical measurements which, of course, 
would be an emf recorded in the absence of a current component perpendi- 


cular to the interelectrode line. This potential can be determined by 
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reversing the ship's head thereby reversing the positions of the 
electrodes. The difference between the motional emf and the electrochemi- 
cal potential are measured on the first fix course and again on the 

second fix course. The average of the two signals is taken as the value 
of electrical zero. During current computations this value is subtracted 
out so as to eliminate the electrochemical potential from the determina- 
ieemeot the actual current vectors. Of course, the assumption must be 
made that the salinity, temperature, and pressure of the sea water along 
the tracks has not changed between the first fixed course and the second 
fixed course. 

To increase electrode stability the electrode junctions were wrapped 
alternately with three layers of Scotchkote electrical coating and Scotch 
rubber tape followed by a good seal of rubber cement. The electrodes 
were then padded with glass wool and housed in a 1-ft section of plastic 
Gorestube. it is necessary to drill several small holes in the plastic 
tube to achieve sea water circulation; however, the pattern is arbitrary. 
The use of the glass wool and the plastic tube serves as a barrier to 
physical damage and as a means of controlling the electrode environment. 
Fig. 5 shows an example of the type of electrode housing used for this 
study. The aft end of the distant electrode was fitted with a manila 
line about 5 m long with a knot approximately every 3/4 m. The addition 
of this line assures straight and steady towing of the housing thus 


eliminating oscillations. 
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IV. CRUISE PLAN AND NAVIGATION 


A. CRUISE PLAN 
The track that the observing ship is called upon to steer for GEK 
observations is determined by the following requirements as stated by 
von Arx (1950): 
(a) the potentials shall be measureda at least two headings at right 
angles if possible, 
(b) at least once an hour the electrodes shall be reversed end for 
end to determine the "zero point ", and 
(c) as little of the ship's time as possible shall be wasted in 
progressing toward her destination. 
Using the above criteria the sailing plan, as shown in Figure 6, was 


constructed and utilized for all five cruises. 


B. NAVIGATION 

The R/V ACANIA's position was determined by the use of Loran augmented 
by either visual bearings or radar ranges. Loran is an electronic system 
utilizing a cathode ray tube to measure time intervals in microseconds 
between a pair of stations. One advantage of this system over others 
is in the speed in obtaining a position. A more complete explanation of 
the theory and operation of this equipment can be reviewed in either 
Dutton's Navigation and Piloting (1958) or the appropriate NAVSHIPS 
Technical Manual. 

The accuracy of positioning obtained with Loran and the other methods 


mentioned was considered excellent, thus no navigational corrections were 


deemed necessary. 
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V. CRUISES AND RESULTS 


A. INTRODUCTION 

This section provides a description of each of the five cruises with 
regard to the surface current vectors, tide condition, the 10° C mean 
isothermal surface for November and December 1971, and the historical 
o> C mean isothermal surface. The isotherm figures for November and 
December 1971 are taken from McClellamd (1972) and the historical plots are 
taken from a study by Lammars (1971). All computations in determining 
current magnitude and direction were made using the IBM-360/67 computer. 
A copy of the computer program is included in the Appendix. The current 
vectors are plotted using the subroutines of the plotting package for 
the CALCOMP Model 765 with the NPS Computer. No attempt was made to 
Scale these vectors to the actual magnitudes due to the requirement of 
all graphs having the dimensions of 6 x 9 inches. The current vectors of 
each cruise are plotted separately and then combined to show the circu- 
lation over the entire Bay (see Fig. 12). 

Information pertaining to tides was obtained from the U. S. Coast and 
Geodetic Survey Tide Tables for the West Coast of North and South America 
(1971). This data was plotted along with the magnitude of the current 
vectors. Comments on the apparent influence of the tides on the observed 
surface current pattern are contained in Sec. VI-A, Conclusions. 

McClelland (1972) during his investigation of the temperature patterns 
in Monterey Bay concluded that the entire Bay area was approximately 2°C 
colder than past years. In order to make any comparison between historical 
isothermal surfaces and those measurements made during November-December 


1971, it was necessary to compare the present 10°C surfaces with the 12°C 
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surfaces. This was not entirely successful as pointed out by McClelland 
and readily seen by comparing any of the historical plots with its 
respective contemporary plot. 

The current vectors determined by GEK data were superimposed on 
both the historical and contemporary plots in an attempt to compare the 
actual GEK determined current vectors with the direction of the current 
vectors inferred from the isothermal plots. 

Lammer's plots represent data compiled from 1929 to 1968 while the 
plots of Meeweailana represent data taken weekly and averaged for the 
months studied. The various regions of highs and lows appearing on the 
10°C and 12°C isothermal surfaces cannot be thought of as being fixed. 

The contours vary from day to day and also from year to year, therefore, 
the figures may be considered as useful indicators of "average conditions" 
eau. tt would be difficult at best to ascertain the reasons for the 
obvious decrepancies. It is sufficient to state that variations in 
temperature, salinity, and the influences of wind and the Davidson Current 


would all contribute to these differences. 
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BB. CRUISES 
=. Cruise Ne. 1 
ave Generel 

Two short cruises were conducted prior to Cruise 1 in order 
to check out equipment performance and the procedure for acquiring the 
necessary data. This proved necessary as several malfunctions of the 
recorder needed attention. However, the largest single impediment was 
eorrected with the replacement of the three-prong plug leading from the 
recorder to the ships outlet by a conventional two-prong plug (see Sec. 
III-A). 

Data collection began on 23 November 1971 with the acquisition 
of 18 current fixes. The current vector magnitude and direction are 
illustrated on Fig. fa and are detailed in Table 1 and in the Appendix. 
Current magnitudes and tidal amplitudes are plotted in Fig. 7b. Reference 
to the tidal influence will be made later. 

b. Analysis of Data 

The first 18 current fixes were taken in the center portion 
of the Monterey Submarine Canyon using a base course of 270°(T)-090°(T). 
There were no particular reasons for picking these courses other than it 
was felt that most of the flow would be perpendicular to ship's head 
and that maximum coverage of the area would be obtained for the time 
available. It is seen that a majority of the velocity vectors have a 
northwesterly trend with an average magnitude of approximately 0.33 Knot 
(15.5 cm/sec). 

Viewing Fig. 7c and 7d, the inferred currents are in a 
direction parallel to the isotherms. The plotted GEK current vectors 
in these two figures appear to cross the isotherms at nearly right angles 
and are thus perpendicular, instead of parallel to the directions of the 


Se 





inferred currents. No reasonable explanation can be given for this 
phenomenon except that as mentioned in Sec. V-A the isothermal plots 
are derived from averaging data and an even general agreement would 


not necessarily be expected. 
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Figure 7a. Current Vectors 
Determined During Cruise l. 
Mey: 13(15) 
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Current Magnitude 15 cm/sec 
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TABLE Ia. CRUISE 1 CURRENT VECTOR SPECIFICATIONS 


VECTOR LOCATION CURRENT 
NO. LATITUDE (N) LONGITUDE (W) DEPTH SPEED DIRECTION 
(deg - min) (fm) (cm/sec) (deg T) 
1 36-0.0 122-01.0 230 aS eal 292.4 
2 36-40.5 122-02.5 350 ns 273.2 
3 36-0 .6 122-03.0 600 125 Sioa 
4 36-HO.7 122-0h.0 800 aoe 324.3 
5 36-41.0 122-05.7 1000 See 356.4 
6 36-41.2 122-06.5 1100 15 oi S508 
7 36-41.5 122-07.0 800 leah B37.0 
8 36-41.6 122-07.5 600 ie 8 319.9 
9 36-41.6 122-08.7 Be 2aeau 2O2u0 
10 36-42.2 122-10.0 500 215 201s 
ae 36-43.2 122-08. 8 620 EZ Ome 212 
2 36-43.2 | 122-08.0 700 23.9 25200 
a3 36-43.2 122-07.7 900 MES PIS) 55 5 
14 36-42.4 122-06. 3 900 13.5 259.9 
15 36-43.4 122-05. 3 900 aa e50n 
16 36-13.3 122-04.5 700 AG i 256.4 
yg 36-43.2 22=03.4) 600 — 25h 287.7 
18 36-43.1 122-02.2 500 ala i 291.4 
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TABLE Ib. 


WIND 


NW 
3-6 knots 


TIME 
0732 
12h 


2014 


CRUISE 1 ENVIRONMENTAL DATA 


WEATHER 
SOWELL SEA STATE VISABILITY 
3-4 ft 0 10 miles 
overcast 
TIDE 
HEIGHT DESCRIPTION 
3.30 2e HLW 
Oma HHW 
=O75 ft LLW 


of 


@. Cruise No. 2 
cemecenera. 

Eighteen current fixes were obtained on 20 December 1971. No 
mechanical problems were encountered during the cruise. The electrodes 
were soaked in sea water in a plastic bucket overnight in order to 
eliminate the two hour time lapse required for the electrodes to reach 
stabilization. Data was then recorded immediately upon reaching the 
Operating area. 

io Analysis of Data 

The second series of 18 current fixes were taken approximately 
one mile south of those of Cruise 1. The base course was once again 
270°(T)-090°(T). The GEK current vectors generally had a‘northeast to 
east trend with an average magnitude of 0.30 knot (see Fig. 8a). 

Figure 8b is a plot of the current magnitudes and tidal amplitudes. 

All the vectors were outside the area studied by Lammars as 
seen in Fig. 8c with the exception of vectors 36 and 37 which appear to 
@en10rm to the historical pattern. 

In Fig. 8d the GEK current vectors compare favorably with the 
current directions inferred from the 10°C isotherm pattern with the 
exception of vectors 26 and 27. It must be kept in mind that the isotherms 
are averaged values plotted for the entire month and can differ appreciably 
on a day to day basis. Lammars, McKay, and others have concluded that the 
current and temperature patterns are highly dependent on time and position, 
therefore, until a joint study envolving temperature, salinity, and current 


measurements is undertaken the results of all the partial studies will be 


tess than fully satisfactory. 
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Figure 8a. 
Determined During Cruise 2. 
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TABLE IIa. CRUISE 2 CURRENT VICTOR SPECIFICATIONS 


VECTOR LOCATION CURRENT 
NO. LATITUDE (N) LONGITUDE (W) DEPTH SPEED DIRECTION 
(deg - min) (fm) (em/sec) (des T) 
20 36-39 .0 122-02.0 300 15.0 250m 
21 36-39.5 122-03.0 500 5 AG 340.0 
22 36-39.5 122-04.2 900 Palle, bias 
23 36-40.2 122-05.2 1000 ees 68.6 
ah 36-40.2 122-06.4 700 Sean Gia 
25 36-h0.5 122-07.5 800 2553 59 .6 
26 36-40.5 122-08. 4 650 one O32 
eT 36-O.7 122-09.4 550 oes 96.5 
28 36-39.2 122-10.0 700 eo Isaak 
29 36-39 .4 122-08.8 700 20ne2 2on6 
30 36-39 .4 122-07.5 950 26.2 Sons 
ell 36-39.2 122-06.4 950 elie 53.9 
32 36-38. 8 122-05.2 800 A (a 
23 36-38. 8 122-04.0 800 ee 90.9 
34 36-38.5 122-03.3 600 Meee 15 
35 36-38.0 122-02.0 200 6.9 ee 
36 36-h1.8 122-02.2 900 fo 1235 
Sil 36-42.2 133-01.0 700 8.9 334.8 
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TABLE IIb. CRUISE 2 ENVIRONMENTAL DATA 


WEATHER 
WIND SWELL SEA STATE VISABELIEE 
N li=2 £4 0 6-10 miles 
4-6 knots fog-haze 
TIDE 
TIME HEIGHT DESCRIPTION 
0520 . Sas ine HLW 
1056 Duet HHW 
1832 -0.9 ft LLW 
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SB. Cruise No. 3 
a. General 
On 21 December 1971, 18 GEK current fixes were taken in 
Monterey Bay in a location seaward of Pt. Pinos and south of those of 
Cruise 2. No mechanical difficulties were encountered during the 
eruise. 
b. Analysis of Data 
The 18 current vectors were taken using a base course of 
270°(T)-090°(T). The vectors themselves, as shown on Fig. 9a, exhibit 
in general a converging pattern toward the west-northwest. 
No comparison of GEK current vectors and inferred currents 
was possible in this instance as the pattern of GEK current vectors 
were taken entirely outside the isthermal surfaces of Lammers and 


McClelland. 
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Figure 9a. Current Vectors 
Determined During Cruise 3, 
Ney: 38(16) 

Current Fix No. oo 
Current Maqnitude 16 cm/sec 
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TABLE IIIa. CRUISE 3 CURRENT VECTOR SPECIFICATIONS 


VECTOR LOCATION CURRENT 
NO. LATITUDE (N) LONGITUDE (W) DEPTH SPEED DIRECTION 
(deg - min) (fm) (cm/sec) (deg T) 
38 36-37.4 122-01.7 300 LO. 2 Dae 
39 36-37.4 122-03.0 600 5.5 Sua 
ho 36-37.8 122-04.0 800 2.6 291.8 
41 36-37.5 122-05.5 800 Dial Zee 
he 36-37.4 122-06.5 950 9.4 23925 
43 36-37 .6 122-07.7 700 isa 259.9 
4h 36-38.0 122-09 .0 1000 as 2060.1 
45 36-38.2 122-10.0 850 2057 285.9 
6 36-37.2 122-09 .2 1200 19.9 282.4 
47 36- 37.0 122-08.0 1050 28.9 271925 
48 36- 36.3 122-09 .6 1220 2302 315.0 
hg 36-36.4 — 122.08.8 1050 24.9 342.3 
50 36-36.0 122-07.7 1000 28.6 338.6 
pi 36- 36.0 122-06.2 800 54.9 BiT 75 
pe 36-36.2 122-05.2 700 Beat B57 
DS 36-36.2 122-03.7 500 Do.2 Bol 2G 
5h 36- 36.2 122-02.5 500 47.4 loee 
55 36-36.3 122-015 300 Lq 2 20.6 
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TABLE IIIb. CRUISE 3 ENVIRONMENTAL DATA 


WEATHER 
WIND SWELL SEA STATE VISABILITY 
NE dL £t 0 10 miles 
3-5 knots slight haze 
TIDE 
TIME HEIGHT DESCRIPTION 
0620 B.2 fit LHW 
11h) Bao tt HHW 
1914 -0.7 ft LLW 
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4. Cruise No. 4 
a. General 

Twenty-one GEK current vector measurements were made on 
28 December 1971. These vectors covered the largest area to date and 
Gnvoived a cruise of nearly 10 hours duration. 

b. Analysis of Data 

Sixteen of the 21 current vectors exhibit a general north- 
northwest direction while the other five vectors were directed in a south 
to southwest direction (see Fig. 10a). Figure 10b is the corresponding 
tide and current magnitude plot. 

Vectors 76 and 56 are directly opposite from what could be 
expected from the 12°C jee ernat surface plot, see Fig. 10c. The 
other vectors, however, could represent a logical extention of the 
isothermal surfaces. 

Figure 10d shows that the GEK current coe compare 
favorably with the 10°C mean isotherm in the shallower area, but as 
ihe water deepens the vector direction becomes mostly northward and the 
comparison becomes less favorable. A possible explanation is the 
DMresence of the Davidson Current which according to Lazanoff (1971) flows 
northward through the bay during this period of the year. It would seem 
logical that perhaps the magnitude of the current would be larger for 
vectors 60 - 70 if they were influenced by the Davidson Current, but 


ties was not the case. 
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TABLE IVa. CRUISE 4 CURRENT VECTOR SPECIFICATION 


VECTOR LOCATION CURRENT 
NO. LATITUDE (N) LONGITUDE (Ww) DEPTH SPEED DIRECTION 
(deg - min) (fm) (cm/sec) (deg T) 
56 36-45.0 121-58.2 200 biel esac 
Dt 36-44.8 nese OnG 400 st 216.9 
58 36-45.0 122-00.8 300 es ES) 
59 36-45 .0 122-02.1 550 iss 267.9 
60 36-45.0 122-03.5 400 13.9 308.1 
61 36-45.2 122-04.6 550 wees 33 
62 36-45.0 122-05.8 500 aa 32080 
63 36-45.3 _  122-07.0 700 a 345.2 
64 36-45.6 122-08.1 700 B10 Soe 
65 36-45.4 122-09 .5 500 34.0 32h.1 
66 36-h6.7 122-09.8 DOOM 0.0 355.4 
67 36-46.7 122-09 .2 500 34.8 342.6 
68 36-46.7 122-08. 3 500 39) Spe 
69 3646.5 122-06.9 450 Ws | 23a 
70 36-46.7 122-05.5 500 See 300.3 
71 SOG. 7 122-0), 2 LOO ate Boon! 
72 36-h6.7 122-02.7 300 24.8 355.6 
13 36-46 .6 122-01.2 500 ai eBila 
Th 36-46 .6 122-00.5 500 aa 351.9 
ig, 36-46 .6 121-59 .4 — 500 6.2 2h7.4 
76 36-46 .5 121-58.0 350 eee * 228.4 
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TABLE IVb. CRUISE 4 ENVIRONMENTAL DATA 


WEATHER 
WIND SWELL SEA STATE VISABILITY 
NE long NE i ellear 
3-6 ft 3-4 ft 
6 
TIDE 
TIME HEIGHT DESCRIPTION 
0632 Golett HHW 
1408 =Je J ft LLW 
2056 Bg ie LHW 
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>. Cruise No. 5 
a. General 
The final cruise in this investigation was made on December 
29, 1971; the area around the head of the Monterey Bay Submarine Canyon 
laa been left for last. 
b. Analysis of Data 
Various base courses were utilized as the stations were 
scattered over the northeastern section of CHO Meany OR The results are 
shown in Fig. aoe ana aE 
In this case the vectors were entirely within the isothermal 
surfaces plotted by Lammars and conformed nearly exactly to what could 
have been predicted with the exception of vectors 19, 89, and 90 see 
fe Lic. 
In regard to Fig. lld, the best match between inferred and 
GEK currents was achieved during this cruise. Nearly all the vectors 
conformed to the contemporary plot. No clear reason can be given for this 
occurrence since conditions were exactly the same as the earlier cruises 
with the possible exception of the bottom topography of the canyon and 
the proximity of land. The vectors were taken in a location closer to 


land where the effects of the Davidson Current would have been minimal. 


oo 
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Figure lla. Current Vectors 
Determined During Cruise 5. 
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TABLE Va. CRUISE 5 CURRENT VECTOR SPECIFICATIONS 


VECTOR LOCATION | CURRENT 
NO. LATITUDE (N) LONGITUDE (W) DEPTH SPEED DIRECTION 
(deg - min) (fm) (cm/sec) (deg T) 
TT 36-46 .8 121-56.3 300 Ome 23 
78 36-47 .0 121-552 300 10.8 218.6 
19 36-47.3 121-54.0 300 Sse 182.3 
80 36-47.3 121-52.9 200 1366 194.8 
81 36-47.6 121-51.7 200 1O55 147.4 
82 36-46.4 121-53.7 200 one aioe 
83 36-46.2 121-55.4 200 Ne. 5 229 .6 
8h 36-50. 3 121-58.0 200 6 98.5 
85 36-49.7 ee 2-58. 7, 200 io 108.4 
86 36-48.7 121-59 .6 300 112 12237 
87 36-48.0 122-00.1 300 NG 324.5 
88 36-44.0 121-59.3 400 Geo 284.1 
89 36-43.0 121-59.5 350 an 22725 
90 36-42.5 tie 5o> 200 oe 329.1 
91 36-43.5 122-01.5 600 Ooi 208.1 
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TABLE Vb. CRUISE 5 ENVIRONMENTAL DATA 


WEATHER 
WIND SWELL SEA STATE VISABILITY 
calm long NW I clear 
3-4 ft 
TIDE 
TIME HEIGHT DESCRIPTION 
0720 Gue tt HHW 
1502 => ft LLW 
2150 Hedi LHW 
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VI. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

From Fig. 12, the composite plot of GEK current vectors for all five 
cruises, it is apparent that the current pattern in Monterey Bay is 
Mmagaay dependent on time and position. 

Tidal influence on the GEK current vectors was investigated but with 
little success due to the lack of references which would fully explain the 
pagal current in the Bay. Normally, if tidal current data is not directly 
memeeole for a location of interest, the current predictions have to Le 
interpolated between known stations as shown in the USCGS Tidal Current 
Tables. The nearest stations to Monterey Bay were Pt. Pinos and a point 
two miles south of Pt. Santa Cruz. However, the tables advise that the 
tidal currents are too weak and variable to be predicted at these 
ifeemeions. Lazanoff (1971) did a ay) in Monterey Bay on tidal currents 
using the Hansen Numerical Model and concluded that the principal driving 
force of the circulation in the bay was the oceanic currents and not the 
tides and winds. Monterey Bay tides probably act like those in open 
oceans or large embayments in that they are elliptical, moving in this 
case in a clock-wise direction with maximum speeds occurring midway 
between turning points and minimum at high and low waters. Lazanoff 
Semeruded that the tidal currents should be on the order of 0.1 knot 
(5 cm/sec), but due to some inherent problems in his model he was not 
Sevually able to verify this fact. 

In light of the above limited information concerning the character 


of the tidal currents it is concluded that the overall surface circulation 
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of the bay varies from day to day as evidenced by the many distinct 
circulation patterns established for each of the five cruises as seen 
meric. le. 

Comparison with the 10°C mean isotherms and the 12°C mean isotherms 
was interesting but not really very successful since conditions in the 
Monterey Bay appear to vary daily causing some of the current vectors 
plotted to conform to the isotherms while others were perpendicular to 
them. 

Finally, an exact value for the K-factor was not known which implies 
that the current magnitude may be in error by as much as 5%. With the 
placement of current meters in the Bay it would be a simple matter to 


calculate values for the K-factor as a function of depth. 


B. RECOMMENDATIONS 

The GEK would best be employed in Monterey Bay as part of a joint 
study involving the placement of aeons meters at various depths and 
the taking of salinity and temperature measurements. The K-factor as a 
function of depth could then be determined and a valid comparison 
between GEK, current meter data, and inferred currents might be obtained. 

Von Arx (1962) describes how weights may be suspended from the GEK 
cable to determine the approximate depth at which the current data is 
gathered. If these weights were varied, a velocity profile could be 
calculated which would undoubtedly provide a valuable insight into the 


circulation of Monterey Bay. 
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APPENDIX A 


The following pages contain: 
(a) A listing of the computer program used to reduce the GEK traces 
the GEK traces"to current velocities and 
(b) a complete listing of the raw input data and final current 


velocities. 


69 


PATA FROM MONTEREY BAY 


COMPUTER PROGRAM TO PROCESS GEK 


AS 060 
mht 
oo 
We 

- td 
-x< 
%~O 
Oe 
ao 
oe) 
MQ 
rs 
Ue 

- tad 
>< 
< 
WY e 
oe 

e- © 
tic> 
Ma 
< 
ain 

= 
ell 
Me 
Uv &= 
aXe 
- Nac 
fe ~~: 
care (ae) somone (=) 
SoS er eon (Xe 
Cc: 2 eS O 
Metro C2 
ee fe Ui) « 
ON u~ 


Ge Uhre ROM MONTEREY BAY NOV-=NEC 1971') 


—r~yp ste 
& <ip2oc « 
t= --S & td 


~Oc CMM Itt 


ae 
O 
OO 
ee 
mo 


1¢00 


mo 
re 
Oo 
° 
tl 
ce: 
© 
J 
e 
SS 
om 
J 
e 
Y) 
em 
~ 
TAN 
+O 
of 
rt 
Y) 
a) 
C aE 
cc 
rt Vas. 
x< ee 
~ HOT 
ro tr (te 
NI Qa 
& pia 
mo ai ar tr 
= o“eci 
aa mm CO oO 
NI ce ~ eo 
= a AN © Ke e OUR 
* ~~ ord Oo K faa} MCh 
>= + aoe ~ mo tf e Se 
SC aK NIG ao) + = qe = 
Me rin oe so Cl UV sf Zee) 
~Q St oO-~ ~~ * * uv» ~ WoW] 
det +WaAHO =O he NO Oe 
tl oS OR OOD 31 >- & COM Sa ie 
WI SOKO ore oft mt lem mt Rte Oe OO ark oJ UL 
Oe EE KOLNI KY Ne UO LH SiIOU - TO a~ 
Ink WEN Ao ow —st reat, OIN a ZOOM 
ete OE OX PHORM ONL O OY> Rete CWwO Re D 
OS +tOIiadtx>oter le poe eie PONS ats pr +r RKC 
MYMY SOT YTD Ne er he RK TR ™ ON WITH Yet Q C.cy MN 
SU SKF NOVOVNONILNOPVOW yp awNewiw ON Or ie 
SIL PU NER 0 0 KR rg ORO QUA OH OW OLY Se OU OAM SLL 
Niet oN mM O RHR OO CGC et Oo © a 
Ce ceo a NN IN UO Ow oy oS wf 
uy 
VOC 


10 


) 


LoXisWwsYY BD 5F1,01,92,F3 


GS Gest 

e Oe « 

RS 9D T3MNONGO 
OMOCw DOD «2 — 

MT AOM CHV FO~ EON: 
OC + | j —kO 

eee NSO Ou ~1 1 O 
OOWWE RU Rr emo 
Wim ou Yo RIG OND 
HANA eOmOoa OuUOrs 
OOWU Low zu sewn 


ogc CO MS 
= co co 
MO 
WN 


ee 


72°€6 

6S°6S 

VEST? 

Ss°89 

VETS 

CO°O¥E 
GO0°6S2 
L0°802 
Les loc 
Vi Eee 
Le°9S2 
TL°0S2 
BB°6S2 
Oc°ese2 
S9°2S2 
BOC Le 
Te" 12 
08° 282 
06°6TE 
LO°LEE 
eS: 9c 
c4°9SE 
6¢° FC 
9e-OLe 
BI°El2 
8E°cb2 


67°0 
6%4°0 
TE°O 
82°0 
19-6 
tro 
62°0 
IO 
€2°0 
7 0 
te-0 
02°0 
92°0 
62°0 
97°0 
1S°0 
T9°0 
27°O 
ec 70 
92°0 
O€°O 
0€°O 
9€°0 
vea0 
80°O 
$z°0 


0z°S2z 
CerGe 
2L°St 
g2°oT 
82°12 
95°S 
66°4T 
LO°8 
ezett 
94°21 
Z1°91 
90°01 
OS*et 
Le°4! 
ge°Eez 
€1°92 
Loele 
25°12 
Lett 
Ov°ET 
OL°ST 
Zeal 
TL°st 
94°21 
82° 
60°ET 


YVIGUOD (SLY)OVH SVHYOD 


TC" 
6S °62e¢ 


LISTE | 


GS°8EE 
vEcIZE 
Z0°0S2 
s0°69T 
Lo°ett 
LE°TO2 
oL°Lol 
LE°99T 
TL°09T 
88°69T 
OE °E9I 
69°Z91 
go°zet 
Te °T61 
08 °Z6l 
06°622 
LO°LY2 
€5°992 
24°992 
62° EZ 
9€°022 
BI°Eel 
ge°Z02 
yId 


97S °92 
Eo 92 


> 9S°9T- 


70°ST 
tec 
SB°S 

6L°ST 
0Ss°8 

Se°cl 
Zl el 
86°9T 
6S°OT 
ce. 7t 
99°ST 
7T°S2 
2S°L2 
wee 
99°2%2 
eo <1 
2T°otl 
es°9T 
€0°9T 
OL°6T 
cLet 
TS°4 

6l°el 
OVW 


05°92 
00°E? 
OS°4T 
00°oT 
OS°LT 
00°? 

0S°sT 
0S°L 

OS°IT 
Os°cT 
Os°9T 
00°OT 
00°4T 
OO0°ST 
00°42 
0S °L2 
OS 72ce 
00°22 
00°8 

0S°S 

00°! 

00°T 

Os°TT 
00°0T 
0S°¥ 

GL°el 


SAV XIX DAV 3SV9 
TLOT J3SQ-AON AVG AZY3SLNOW WOYS VLVO 439 


Os°t 
Os°eTl 
00°8 
0S°S 
OO°oT . 
0S°sS 
00°E 
O07 
OS°% 
00-47 
00°% 
OS°E 
OS°2 
0S°4 
OS*2 
OO°T 
0S°9 
00°S 
0S°6 
00°ET 
OS "91 
00°9T 
00°9T 
0s°8 
Sc°O 
G2°sS 


0Ss°8 
00°S- 
OSs*L 
00° 
0S*l- 
00°t- 
OS°t 
OS-1S-= 
0s °9T 
0s°OT 
Os°T 
00°8 
OOo°Tt 
00°S 
oo l= 
0S°2 
0S°2 
00 0d= 
00°6T- 
Os°LT- 
OO c— 
00°Ec- 
OS*Ic- 
00°EeT 
0S°OT 
G2°S- 
Ou3Z 


00°%2 
00° 
00°ST 
00°91 
00°E 
00°OT 
00° T= 
00°09- 
00°4T 
00°0! 
00°E 
00°8 
00°ST 
00°2T 
00° 
00°9 
00°E- 
00° EI- 
00°LT= 
00°2- 
00°L- 
00°8- 
00°9- 
O0°Sz 
00°et 
00°S 
3Sves 


00°SE 
00°8z- 
00°22 
00°01 
00°O! 
00°T 
0o°zI- 
00°%4- 
00°82 
00°z- 
00°ST 
00°z- 
00°Sz 
00°0T- 
00°E2 
00°Sz- 
00°SE 
00°2 
00°L2- 
00°zI- 
00°Sz- 
00°Z2- 
00°EeEe- 
00°E2 
00°9 
0S*2 
XI4S 


00°8T- 
00°st 
OC- t= 
oo°sT 
oo "s¢c= 
OO=e— 
00°61 
00°6S- 
00°S 
00°€2 
0OO°SsI- 
00°8sT 
00°e- 
00°02 
00°Sc- 
OO0°O0€ 
o8-0c- 
00° <y=- 
OG; Il= 
CO; ec— 
O0-tc— 
OOF 
OCHOT = 
o0°e 
00°st 
oo 8t= 
XTd 


00°L 
go°ot 
00°9T 
00°¢e 
00°OT 
HO l= 
00°2 
O10°Se- 
00°OT 
O0°Ee 
00°8 
00°ST 
O00°eT 
OO°L 
00°9 
5oO; t= 
v0" S— 
wor LE t= 
CO72= 
oot l= 
00°8- 
o0-9= 
00°S- 
00°ST 
OS °E€ 
o0°S- 
3SVvd 


92 
Ge 
72 
ee 
c2 
Le 
O02 
61 
eT 
LT 
91 
ST 
71 


Cr OR NM 
a ee 


at NOM STH OF ® 


oO 
= 


(2 


Ghee. 


Zo°LSE 20° 

ZG*Loe = LOT 66° 4S 
6S*8ee 9 GG-0 96°82 
92°25€ 84°O 26°42 
oo*$tEe 65°O 12°0€ 
94°6L2 ©—-95°0 86°92 
ge°zez 466 E°0 €6°61 
G6°SB8Z = 00 %L°02 
60°892 92°0 G2°oT 
g8°6SZ2 92°O OS°€l 
ES*6EZ «= BT °O0 9€°6 

61° tee One SoG 

O8*l6z sS0°0 96°Z 

Z1°24E ©0E°0 94°ST 
48°SS I€°0 + = 90° 9T 
OB*see LT°O 26° 

es*zt 80°0 Ber 

69°E€2T ET°O , S8°9 

»9°STT  92°O Lue 
66°06 82°O b2 oT 
62° oL 1E°O gL°ST 
gB°Es 24°0 Gio tz 
Z>°SE 1S°0 22°92 
96°92 6€°O £Y*0Z 
ET°ET 82°O E9% HT 
25°96 ZE°O ZL°91 
YIOYOD (SLHIOVW OVWYOD 


CUES 
cS°LSGS 
GS°8492 
92°2S2 
00°S22 
94°68T 
BE°c6T 
S6°S6T 
60°8LT 
88°69T 
€S°64T 
6T°Tet 
o8°To?e 
2t ese 
79 °Sce 
O8°o¥2 
€S°7Be 
S97 Ee 
979°S2 
S6°0 
62°77 
G8 ce 
24 °SOE 
9S°962 
Cl “eee 
es°9 
yIG 


96°SS 
L8°LS 
80°0E 
G2°92 
Ze°le 
1¥°0€ 
66°02 
58°12 
10941 
Z2°4T 
98°6 
Zen 
69°2 
62°91 
Z6°9T 
6£°6 
19°4 
TeoL 
LO°ET 
00°ST 
29°91 
06°22 
19°22 
¥2°12 
O¥°ST 
T9°LT 
OVW 


OS°? 
0S °*eT 
oo°tTt 
00°8 
OS °22 
00°0¢€ 
0S °02 
0O0°T? 
00°ST 
00°YT 
0S°8 
0S °€ 
0S°2 
00°S 
00°4T 
00°Y 
00°T 
00°9 
0S °*zt 
oOo°sT 
00°9T 
Os°sT 
o0°9sT 
0S°6 
OS e 
OS °LT 


SAV XI4d SAV 3SVE 
TL61T D3SQ-AON AVE AZYILNOW WOUS VIVO 439 


0S°Ss 
0S°9¢ 
00°82 
00°S2 
0¢°22 
00°s 
0S*4 
00°9 
0$°0 
0s*z 
00°S 
00° 
00°! 
os*st 
0S°6 
0s°9 
0S* 
00° 
00°9 
62°0 
0S*s 
OS*EI 
0g°22 
00°61 
00°StT 
00°2 


0S °02- 
0S°02- 
00°Ty- 
00°SE- 
0S *Sz- 
oo*st- 
0s°9T- 
00°9I- 
oo*zt- 
00°TT= 
0s*e- 
os*9- 
0S*L- 
00°EI- 
00°6= 
oo*tt 
oortt 
0°0 
0S°z 
0°0 
00°%- 
0S °9- 
00°%- 
ose2 
0S°6 
os*L 
0u32Z 


00°9L- 
00°9L- 
00°eL- 
00°09- 
00°09- 
00°OE- 
00° at- 
00°OI- 
00°OI- 
00°SI- 
00°21- 
00°SI- 
00°OI- 
00°E- 
o0°8 
00°2 
o0°E 
00°9- 
00°S1 
0g*2 
00°2- 
00°St- 
00°S2- 
00°8z- 
00°S~ 
00% 
3svas 


OO ec= 
00" ce= 
OC =0e= 
COse7— 
0058 9— 
00°¢7- 
00° 
00° Z¢= 
00° 
00-Sz= 
0°0 
O0*<t— 
00°S- 
00°st— 
O0-Ec= 
OO°L 
00°0T 
00° v= 
00°ST 
G0-si-— 
0O~<I 
007 S2= 
OC ct 
00° 2= 
oo°et 
00°0T= 
X13s 


CO" e1— 
00°8- 
00*cS- 
00 °22— 
O0 r= 
00°2tT 
O07 2E= 
00°S 
O07 Ec= 
Ome 
007.21- 
GO c= 
OO=0T= 
OO0Sg= 
00°S 
00°ST 
OO0°eT 
00°9 
O080T = 
00°ST 
OO; 02— 
OOF 
O0*0c=— 
oo°2t 
00°9 
00°S2 
XId 


00ARL— 
Gore l= 
00°09- 
00°09= 
00" 9e= 
Gel It= 
CCE c= 
00°0Ot- 
00°ST= 
OO cl= 
00°ST- 
VO lCT= 
OOre= 
00°s 
COrL= 
O0°E 
00°OT 
00°+T 
OO >< 
Oo c= 
00°ST- 
OG°s2— 
GOrEc— 
00°S- 
00 9= 
00°L 
3SVa 


cs 

1S 

OS 

6% 
84 
9 
94 
S¥ 
aye 
€¥ 
oo? 
i 
OY 
6€ 
BE 
ie 
9 
GE 
9 
ce 
ce 
te 
O€ 
62 
82 
Le 
ON 


73 





as°et2 
61°1E? 
LEe°e22 
BE°LY2 
LE°ISE 
Z9°LEE 
09°SSE 
Ey° CEE 
92°00€ 
o2°Ez 

¥2°LSE 
GS°2vE 
94°SSE 
60°%ZE 
yo° LSE 
LO°SHE 
28°92E 
16°SSE 
SO°80E 
G6°L92 
94° 4E2 
18°92 
99°SST 
29°02 

16°01 

GB°4SE 


T2°0 
tex90 
ce 0 
eto 
L0°0 
LT*O 
87°0 
S€°O 
92°0 
32°70 
EES 
89°0 
8S °0 
99°0 
290 
62.0 
62°0 
92°0 
L2°0 
92°0 
72.0 
Ec°O 
1 O0 
2O-0 
26°O 
€t°t 


9L°OT 
78 O00 
ST°LT 


its 


SE7 

ere 

SL 7 
SO°stT 
6t° et 
977-91 
S4°6€ 
73° 7E 
OO°OE 
00 Ve 
ou" Te 
an at 
SL° 91 
fcc 
ESS el 
Oc ct 
se°el 
2e°tt 
5L°S 

a Le 
SE 19 
9T°8sS 


Y10YOD (SLHISVW SVWUOD 


8S°B2T 
SE-171 
LE -Zet 
BE ° EST 
Le°t92 
co ive 
OS" S7¢ 
€7 eve 
92°0T? 
O27 eG 
7o L9¢ 
GS °2S2 
94°S92 
60° VEC 
TF LOC 
L0°SS2 
ES°9ES 
T6°S92 
sO°st¢ 
G6°LLT 
oo 77 l 
Le oct 
99°S9 

c9°062 
Lo "O82 
GG559c 
vid 


TL6T I3S0~-AON “AVE 


we tt 
EP Ut 
90°8T 
0s°9 

2a 

Si-6 

80°92 
TO°6T 
68°ET 
£e "ST 
SS° Ty 
69 °9E 
O9° Te 
T8°SE 
€S "Cet 
cS °ST 
e5 791 
70° 71 
09" 71 
TO°*T 
OS cl 
0Ss°eT 
70°9 

89°69 
16°64 
Sc° 19 
OVW 


0S°8 
00°OT 
OS et 
00°9 
0S°0 
OS °€ 
QO +2 
0S °8 
00°2T 
O0?9 
00°"? 
0o°rtT 
0S°2 
00°Te 
os * 1 
G0<9 
0s°8 
0071 
Os tt 
00°71 
0Ss°OT 
os*2 
0S°2 
OS 221 
0S°6 
0S°S 


SAV XId SAV 3SVE 
AJYSLNOW WOUF 


Os*L 
OS°S 
OOrct 
0S°2 
OS°E 
0s°8 
00°92 
oo°LtT 
OOrE 
007 >T 
06°14 
00°SE 
OStTEe 
00°62 
OS°CE 
0G°*S 1 
00°eET 
GO- 7) 
00°6 
0S°0 
OGr 2 
00°0T 
OS°S 
GS*S7 
00°64 
00°T9 


0S9°8S- 
O0°ES- 
0S°82- 
0O°1E- 
OS*4E- 
0S°*1y- 
00°SE- 
0S*lo- 
00°64- 
00°9S- 
00°94%- 
00°1S- 
0S°4S- 
00°%%2= 
0S *e8- 
00°92L- 
0S °18- 
00°%8- 
OS°SL- 
00°69- 
0S°29- 
0S$°L>- 
0S°02- 
OS*L 

0S°O 

0S°2Zt 

0Y37 


viva 39 


0C0*¢S= 
00°0S- 
C07 s— 

o0*s.¢= 
VO" ee= 
OOnea = 
00°LS= 
00759 
00*<S5= 
00° 09= 
00°0Q8- 
00°S6- 
OOlLE= 
0O°S%= 
00*s*= 
00°SS- 
G07 29= 
0Or0z= 
00 0e- 
00° 79= 
O07 So l= 
00°S9- 
00°0S- 
0O°3E- 
ee20%= 
00°LS—— 
asvas 


00°L9- 
00°Eo- 
00°ST- 
OO°LE- 
00°+E- 
00°S+- 
O0°EE- 
00°0S- 
00°LE- 
00°0S~ 
00°yy- 
00°29- 
00°2S- 
00°ES- 
00°S8- 
00°ZL- 
00°06- 
00°E8- 
00°28- 
00°SS- 
00°*2S- 
00°SS- 


00°Ec- 


00°S2 
00°ot 
oo°sT 
X1dS 


00°0S- 
00°E9- 
00°24- 
00°S2- 
00°SE- 
00°8E- 
00°L€E- 
00°EE- 
00°19- 
00°29- 
00°84- 
00°0%- 
00°LS- 
00°S6- 
00°ze- 
00°08- 
OO°EL- 
00°S8- 
00°49- 
00°E8- 
00°EL- 
00°0%- 
00°St- 
00°OI- 
00°6- 
00°L 
XId 


00°0S- 
00°S%- 
00°S2- 
00°zE- 
00°Ey- 
00°2S- 
00°S9- 
00°zS- 
00°09- 
00°08- 
00°S6- 
00°L2- 
00°S6- 
00°S4- 
00°SS- 
00°L9- 
00°0L- 
00°0L- 
00°E9- 
00°SL- 
00°S9- 
00°0S- 
00°z- 
00°0%- 
00°LS- 
00°04- 
3Sva 


at 
EL 
9L 
SL 
aL 
El 
cL 
Ez 
OL 
69 
89 
L9 
99 
S&9 
49 
€9 
29 
19 
09 
6S 
8S 
LS 
9S 
GS 
%S 
SS 
ON 


Th 


70°62E 
69" Lec 
70° 582 
99°72 
SL eer 
€7° 80% 
€S°86 

59° 6¢¢ 
BE°LST 
SerLet 
Sl" 96! 
9c" Cet 


LE6 
ST°0 
ST°0 
c2°0 


‘ce70 


80°0 
92°0 
92°O 
cle 
9€°0 
92°0 
22°0 


¥S°S 
Ele 
cuit 2 
SS tt 
LUTE 
Geo 
BS°eT 
99 ct 
Lito 
cS°st 
09°ET 
LT°Tt 


WIGYOD (SLHISVW OVWYOD 


40°6E2 
65°LET 
40°61 
94°4E2 
4L°2E 
€>°sl 
€S°8 
59 61 
BE°L9 
BE°LS 
8L°4OL 
92°26 
vIa 


fs. 


€8°S 
Tro 
Se°s 
LT°etl 
LEE 
Le 
Oc°4T 
erteet 
0S°9 
0S °6T 
Cone 
ELOU 
OVW 


00°S 
0S°S 
0072 
00°2 
OS°TtT 
00° 
OSs°ttT 
00°0T 
0S°*e 
0S°L 
00°9 
0S°2 


OO0°E 


00°9 


00°8 
00°2T 
0S°2 


00°2 


0S°8 
0S°8 
00°9 
0O°sTt 
oo°et 
Os°TT 


SAV XId SAV 3SV9 
TL6T JSQ-AON AVG AZYALNOW WOBS 


00°0S= 
0S °9S- 
00°9S= 
OO 9L- 
Os 7t9- 
00°49- 
05 *e9- 
00°0l- 
0S°09- 
0S°99- 
COR To= 
0S5°09- 
OuY3Z 


Vivo 439 


00°9%= 
C078 7— 
00°E€S— 
00°S9- 
00°S9- 
00°C9- 
00°69- 
00°78- 


OO°el- 


00°SY= 
00*57— 
00°85- 
ISVas 


00°S%= 
00*<9= 
00°8S= 
00°71 - 
00°El~ 
00°09- 
00°Sl- 
00°08- 
00°C€9- 
OO7cl— 
00°L9= 
00°8S- 
X1d$ 


00°SS= 
00° 1TS= 
00°%S= 
00°8l= 
00°0S- 
00°89- 
00°2¢sS- 
©0~09= 
00°8sS- 
00°lS— 
00°SS= 
00°C9- 
XId 


00°8o- 
00°CS= 
00°C9- 
00°€9- 
O0°£9= 
00°69- 
00°Si=- 
OO°C l= 
00°09- 
00°84- 
00°84- 
00°0S- 
asva 


06 
68 
68 
L8 
98 
S8 
98 
€8 
c8 
T8 
08 
6L 
ON 


’ 


wile 





BIBLIOGRAPHY 


Curtin, IT. B., Towed Electrodes in the Sea: Theory and Use, M. S. Thesis, 
Oregon State University, Corvallis, Oregon, 1970. 


Hill, J. C., Utegaard, T. F., and Riordan, J., Dutton's Navigation and 
Piloting, United States Naval Institute, 1958. 


Hughes, P., Towed Electrodes in Shallow Water, Geophysical Journal of 
the Royal Astronomical Society, 7:111-124, 1962. 


Lammers, L. L., A Study of Mean Monthly Thermal Conditions and Inferred 


Currents in Monterey Bay, M. S. Thesis, United States Naval Postgraduate 
School, Monterey, Calif., 1971. 


Lazanoff, S. I., An Evaluation of a Numerical Water Elevation and Tidal 


Wieecent Prediction Model Applied to Monterey Bay, M. S&S. Thesis, United 
States Naval Postgraduate School, Monterey, Calif., 1971. 


Mypparelli, M. A., and Beardsley, Jr. , G. F., Whe CE Sicneatureceu 
imternal Waves, Oregon State University, Corvallis, Oregon, 1971. 


Longuet-Higgins, M. S.,and Barber, N. F., The Measurement of Water 
Velocity by electromagnetic Induction. An Hlectrode Flowmeter, Admiralty 
Research Laboratory, Teddington Report ARL/R.1/102.22/W. 1946. 





itemeuet-Higgins, M. S., Stern, M. E.,and Stommel, H., The Electrical 
Field Induced by Ocean Currents and Waves, with Applications to the 
Method of ‘owed Electrodes, Papers in Physical Oceanography and 
Meteorology, XIII (1), 1954 


McClelland Jr., J. J., Oceanographic Investigation of Thermal Changes in 


Menvuerey Bay, September 197l1-January 1972, M. S. Thesis, United States 
Naval Postgraduate School, Monterey, Calif., 1972. 


Mekay, D. A., A Determination of Surface Currents in the Vicinity of the 
Monterey Submarine Canyon By the Electromagnetic Method, M. S. Thesis, 
United States Naval Postgraduate School, Monterey, Calif., 1970. 





Sanford, T. B., Measurement and Interpretation of Motional Electric 
Fields in the Sea, Ph. D. Thesis, Massachussetts Institute of Technology, 


7967. 


U. S. Department of Commerce Coast and Geodetic Survey, Tide Tables —- West 
Coast North and South America, U. S. Government Printing Office, Washington 
De, Los. 


U. S. Department of Commerce Coast and Geodetic Survey, Tidal Current 
Tables - Pacific Coast of North America and Asia, U. S. Government Printing 
Ufiiee, Washington DC, 19/1. 


76 


U. S&S. Naval Oceanographic Office, Instruction Manual for Obtaining 


Oceanographic Data, Pub. No. 607, U. S. Government Printing Office, 
Washington DC, 1970. 


yon Arx, W. S., An Electromagnetic Method for Measuring the Velocities 


of Ocean Currents from a Ship Underway, Papers in Physical Oceanography 
and Meteorology, XI (3), 1950. 


von Arx, W. S., An Introduction to Physical Oceanography, Pp. 266-281, 
Addison-Wesley , 1962. 


et 


INITIAL DISTRIBUTION LIST 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


ingiorary, Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


Professor J. J. von Schwind 
Department of Oceanography 
Naval Postgraduate School 
Monterey, California 93940 


Professor Robert S. Andrews 
Department of Oceanography 
Naval Postgraduate School 

Monterey, California 9390 


Department of Oceanography 
Naval Postgraduate School 
Monterey, California 93940 


Oceanographer of the Navy 
The Madison Building 

732 N. Washington Street 
Alexandria, Virginia 22314 


Dr. Ned A. Ostenso 

Code 480D 

Office of Naval Research 
Priineton, Virginia 22217 


ieeutenant T. D, Smith, USN 


Commanding Officer USS'UTE (ATF-76) 
FPO San Francisco, California 96601 


78 


No. Copies 





Secunty Classification 








DOCUMENT CONTROL DATA-R&D 


‘Security classification of title, body of abstract and indexing annotation niust be entered when the overall report is classified) 


2a. REPORT SECURITY CLASSIFICATION 
Unclassified 


2b. GROUP 


1 ORIGINATING ACTIVITY (Corporate author) 


Naval Postgraduate School 
Monterey, California 93940 









3 REPORT TITLE 







GEK Measurements of Surface Currents in Monterey Bay 1971 


P 4. CESCRIPTIVE NOTES (Type of report and,inclusive dates) . 
|} Master's Thesis; June 1972 


5. AUTHORIS) (First name, middle initial, last name) 







Terry Duane Smith 


: 6. REPORT OATE Ja. TOTAL NO. OF PAGES 7b. NO. OF REFS 
Beevune 1972 80 16 
- 


Be. CONTRACT OR GRANT NO. 9a. ORIGINATOR'S REPORT NUMBER(S) 


b. PROJECT NO. 





Te, 9b. OTHER REPORT NO(S) (Any other numbers that may be aesigned 
this report) 
d. 


\ 10. DISTRIBUTION STATEMENT 


B) This document has been approved for public release and sale; its distribution 
is unlimited. 


ti. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 
, 


Naval Postgraduate School 
' Monterey, California 93940 





13. ABSTRACT 
: 


Utilizing the geomagnetic electrokinetograph (GEK), surface currents in 
Monterey Bay were determined for five distinct cruises, each in a different portion 
of the bay, during the period November to December 1971. These cruises, using the 
Naval Postgraduate School (NPS) research vessel R/V Acania, yielded a total of é 

» 90 current speeds ranging from a low of 2.56 cm/sec to a high of 58.16 cm/sec. The 
direction of the current vectors were compared with currents inferred from the 10°C 
and 12°C mean isothermal surfaces. The isothermal surface data used was both of 


a historical and synoptic nature, the latter being obtained during the November- 
December 1971 time frame. 








S/N 0101-807-6811 


| 


79 Unclassified 


Security Classification 


A-31408 


6 —————————— 
i : 
; 


Security Classification 
KEY WORDS 
ROLE mete he EEE Prove | wr | 


T 
rents in Monterey Canyon 
etic Electrokinetograph 
face Currents 
! 
; 


—~—_ 


— 


| FORM 
| } (BACK) 

_.. 1473 _Unclassitied =) > aa 
101-807-6824 0 Security Classification A-31409 


’ 
{ 








| mayors 2314 





Thesis A Soa 
$603 Smith 
Ford GEK measurements of 


surface currents in Mon- 
terey Bay i971. 


thesS603 
GEK measure 


Mill Wd ii} 


| 
3 2768 002 00787 
DUDLEY KNOX LIBRARY 





